small opacities in radiographs of coalminers in the USA. The purpose of this study was to determine the factors that are associated with the occurrence of small irregular opacities in the chest radiographs of coalminers, and whether the lung function of miners with irregular opacities differed from that of miners with small rounded opacities, a mixture of small rounded and irregular opacities, or an absence of opacities. A subsample of 6166 coalminers was selected from 9076 miners who had been examined by the US Public Health Service as part of the National Study of Coalworkers' Pneumoconiosis. The subsample consisted of 4479 smokers and 1687 non-smokers. The chest radiograph of each miner was classified according to the UICC/Cincinnati Classification. Subjects with progressive massive fibrosis, category 0/1, and ex-smokers were excluded from the analysis. It was concluded that smoking was associated with the presence of irregular lesions as was bronchitis, age, and years worked underground. The mean FEV1 and (FEV/FVC) % were lower and the mean RV and TLC were higher among smoking miners with irregular as opposed to rounded opacities. In non-smoking miners, the type of opacity did not appear to affect either ventilatory capacities or lung volumes.
A commonly used classification of the pneumoconioses is that devised by the UICC Committee (Cooperative study by UICC Committee, 1970) . Simple pneumoconiosis is categorized by the type and profusion of small opacities present in the chest radiograph. In this classification small opacities are separated into rounded and irregular varieties. The former are subdivided into p, q, and r types according to their size, 'p' opacities being those less than 1-5 mm, 'q' those between 1-5 mm and 3 mm, and 'r' those between 3 mm and 10 mm in diameter. Irregular opacities are similarly divided into fine (s), medium (t), and coarse or blotchy (u).
The small rounded type of opacity is most commonly recorded in the radiographs of miners with coalworkers' pneumoconiosis (CWP). Moreover, previous studies have demonstrated a relationship between their profusion and the coal dust content of the lungs (Liddell, 1972; Rossiter, 1972) . In contrast, irregular opacities are unusual in CWP and some authors have questioned whether their presence is related to coal dust retention (Gilson and Morgan, 1974) . Furthermore some observers have reported the finding of small irregular opacities in cigarette smokers who have not had significant exposure to coal dust. Thus Carilli, Kotzen, and Fischer (1973) noted that irregular opacities were frequently present on the chest films of female cigarette smokers. Similarly, Theriault, Peters, and Johnson (1974) observed that, while a direct relationship existed between small rounded opacities and dust exposure in Vermont granite shed workers, the presence of irregular opacities was predominantly associated with cigarette smoking.
While numerous studies have failed to show a relationship between the common indices of ventilatory capacity and radiographic category of simple CWP (Morgan et al., 1974; Amandus et al., 1974a) , Lyons et al. (1974) in a sample of miners claiming compensation demonstrated a lower FEV1 (forced expired volume in one second) in those with irregular opacities as compared with those without radiographical evidence of CWP. We therefore decided to see whether we could confirm these observations, and if so, identify those factors that are associated with the presence of irregular opacities in the chest films of coalminers.
Material and methods
The sample included in this study was drawn from the National Study of Coalworkers' Pneumoconiosis.
Complete details of the method and sample selection are to be found in earlier publications (Morgan et al., 1971; Morgan et al., 1973 The study sample of 6166 coalminers was selected using the following criteria: 1. They were either current cigarette smokers or were life-long non-smokers (ex-smokers were excluded). 2. Their chest film showed either small opacities with a profusion of subcategory 1/0 or greater, or was read as completely clear, (subcategories 0/-and 0/0). Subjects whose films were reported as showing large opacities (progressive massive fibrosis) or were classified as 0/1 were excluded. Because of interobserver variation, both in regard to profusion and type of opacity, we relied upon the radiographic interpretations of one interpreter.
The study sample was subdivided into four groups: Table 1 shows two significant cross-product terms. The product of smoking, bronchitis, and age accounted for a marked proportion of irregular opacities. Thus the largest percentage of irregular lesions was found among smokers with bronchitis who were over 30 years. The product of bronchitis, age, and years underground had a slight negative effect. Thus the contribution of years underground was least among bronchitics who were over 30 years.
The prevalence of the rounded opacities was generally unrelated to bronchitis and age, but strongly influenced by smoking and years underground. A significant cross-product term of smoking and years underground was present as well as a significant linear effect due to years underground. The rounded opacities occurred more frequently in non-smokers than in smokers and this finding was independent of years underground.
Although the results are not presented, several transformations of the percentages were performed which included the probit, logit, log, and arcsin transformations.* The results from these transformations were not appreciably different from the results of the least squares procedure. When using the arcsin (sin-1 \/percentage) transformation the results were similar to those of the least squares procedure, however, age was not present in the cross-product terms in Table 1 . Thus the arcsin transformation tended to reduce the contribution due to age.
Relationship of smoking with type of opacity and lung function
Results of the analysis of covariance for the nonsmokers are presented in Table 3 . The adjusted mean for each index of lung function was similar among the four study groups.
Results for smokers are presented in Table 4 . Although the FVC was similar, the FEV1 and (FEV1/FVC) % were lower and RV was higher in those with irregular opacities than in those with category 0, rounded, or mixed opacities. TLC was higher among those with irregular and mixed opacities than among those with category 0 and rounded opacities. Discussion This study shows that there is a statistical association *These results can be supplied by the authors on request. (Kibelstis et al., 1973; Ulmer and Reichel, 1972) . It has also been observed that irregular lesions, although found infrequently, are associated with chronic bronchitis (Fraser and Pard, 1970; Bates et al., 1966; Simon, 1959) . It is possible that coal dust deposited in the parenchyma of a lung which is structurally damaged by emphysema or bronchitis might modify the radiographic appearance and predispose to the development of irregular rather than rounded opacities.
Our results indicated that the presence of irregular lesions was markedly associated with bronchitis among smokers older than 30 years. However, a negligible relationship was noted between the percentage of irregular opacities and bronchitis in non-smokers. Since smoking is a far more potent stimulus in the induction of bronchitis than coal dust, the association between irregular opacities and bronchitis will be more pronounced among smokers than non-smokers.
While it is apparent that bronchitis, age, and dust exposure are associated with the presence of irregular opacities, emphysema may also be concerned. Lyons et al. (1974) demonstrated a relationship between the presence of irregular opacities and the degree of emphysema shown at necropsy. If this association is accepted, there might well be a similar relationship between the presence of irregular opacities and cigarette smoking, as the presence of emphysema is closely related to smoking.
Definiteconclusions as to the role played byfactors in the induction of irregular opacities are hampered by lack of agreement among observers as to their presence in the radiograph (Amandus et al., 1974b 
